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Background {#Sec1}
==========

Epilepsy is a chronic neurological disease affecting an estimated 50 million people worldwide \[[@CR1]\]. Prevalence rates vary geographically, with the highest being concentrated in low and middle income countries \[[@CR1], [@CR2]\]. Epilepsy presents with a variety of seizure types of different degrees of intensity, including nodding syndrome (NS), a rare form of the epilepsy which has been reported from Tanzania, Uganda and South Sudan \[[@CR3]--[@CR5]\]. NS is named after its characteristic seizure which causes loss of muscle tone in the neck and forward nodding of the head. Affected children may suffer from associated clinical manifestations such as mental retardation, loss of cognitive abilities and reduced growth rate \[[@CR4]\]. Onset of NS occurs mainly in children aged 3--18 years \[[@CR4]\].

Several studies have shown an association between onchocerciasis and epilepsy, and NS has only been reported from onchocerciasis endemic areas \[[@CR6]--[@CR8]\]. Case-control studies have found significantly higher rates of onchocerciasis infection in individuals with NS than in controls \[[@CR4], [@CR5]\]. However, it is not clear how the *Onchocerca volvulus* parasite is able to cause epilepsy \[[@CR9]\]. Duke et al. previously noted the presence of small numbers of *O. volvulus* microfilariae (mf) in the cerebrospinal fluid (CSF) (\< 2 mf/ml) in five of eight untreated heavily infected (\> 100 mf/mg skin) onchocerciasis patients \[[@CR10]\]. It has also been shown that the numbers of *O. volvulus* mf in the CSF increased up to 31 mf/ml during diethylcarbamazine treatment in 10 out of 11 heavily infected patients presenting with an ocular form of onchocerciasis. However, studies performed since the introduction of mass distribution of ivermectin have not been able to demonstrate the presence of mf in the CSF of patients with NS or other types of onchocerciasis associated epilepsy \[[@CR9], [@CR11], [@CR12]\]. Moreover, a recent study suggests that NS is a disease caused by an autoimmune reaction to *O. volvulus* antibodies \[[@CR13]\]*.*

Recent observations in the Democratic Republic of Congo (DRC) \[[@CR14]\] and northern Uganda suggest that onchocerciasis control through mass drug administration (MDA) of ivermectin may decrease the incidence of NS and other forms of onchocerciasis associated epilepsy (OAE) \[[@CR15]\].

The first cases of NS were reported among communities in the Mahenge Mountains in the 1960s \[[@CR3]\]. In 1989, Rwiza et al. carried out a district-wide population-based survey aimed at determining the prevalence and incidence of epilepsy \[[@CR16]\]. They documented a prevalence of active epilepsy of 1.02%, ranging from 0.51 to 3.71% in different villages, and a regional annual incidence of 73.3 new cases per 100 000 people \[[@CR16]\]. Ivermectin has been distributed in the Mahenge area to control onchocerciasis since 1994 but annual community directed distribution of treatment with ivermectin (CDTI) started in 1997 \[[@CR9]\].

The present study therefore aimed to investigate the effects of 20 years of onchocerciasis control through CDTI on the prevalence and incidence of epilepsy in selected villages in the Mahenge area of south eastern Tanzania.

Methods {#Sec2}
=======

Study site and population {#Sec3}
-------------------------

Details of the study are described in a protocol paper published elsewhere \[[@CR17]\]. In brief, investigations were carried out in the Mahenge area of Ulanga District, Morogoro region, south eastern Tanzania (Fig. [1](#Fig1){ref-type="fig"}). The area is mountainous with fast flowing rivers and streams which provide suitable breeding habitats for the blackfly vectors of onchocerciasis \[[@CR18]\]. Occupations of the population include subsistence farming, livestock keeping (chicken, goats and pigs, the latter mainly kept in suburban villages) and working in gemstone mining. Study sites were selected based on the findings of Rwiza et al. in 1989 \[[@CR16]\], and included villages with the highest epilepsy prevalence..These were two suburban villages (Matumbala and Vigoi) and two rural villages (Mdindo and Msogezi). Mdindo Village was the village with highest prevalence of epilepsy in the 1989 study by Rwiza et al. \[[@CR16]\]. Matumbala was part of Vigoi village during the 1989 survey, but has since been separated, becoming an independent village in 2010. The suburban villages are located at an average altitude of 1050 m, while the rural villages are located at an average altitude of 590 m, and at a distance of 10 km and 17 km by road from Mahenge Township, respectively.Fig. 1Map of the Mahenge area

The Mahenge area is one of four onchocerciasis foci present in the Morogoro region. The others are in the Uluguru mountains, Kilosa, and the Nguru mountains \[[@CR19]\]. The Mahenge focus was known for its high pre-control endemicity of onchocerciasis, which was first documented in the middle of last century \[[@CR20]\]. MDA through annual CDTI began in the Mahenge area in 1997 \[[@CR9]\], at which time the prevalence of disease through nodule examination was estimated to be 78.7% \[[@CR21]\].

Study design {#Sec4}
------------

This was a population based cross-sectional survey conducted in January 2017. The study involved all individuals within the households of the four study villages (Matumbala, Vigoi, Mdindo and Msogezi). During house-to-house visits, information was collected about geographical location (latitude and longitude) of the household, family size, age, gender, education level of children aged 7--10 years, signs of epilepsy among household members and history of death of individuals suspected to have epilepsy. All households and household members were provided with unique numbers which were used to identify them during epilepsy screening and onchocerciasis antibody testing.

Epilepsy screening {#Sec5}
------------------

Epilepsy case-finding was carried out using a two-stage approach. In the first stage, door-to-door household visits were performed by trained community health workers and data assistants, who asked a series of five questions to identify persons suspected of having epilepsy \[[@CR22]\]. All inhabitants from the four villages were eligible for participation. It was asked whether a person: 1) had ever lost consciousness and experienced either loss of bladder control (1a) or foaming in the mouth (1b), 2) had ever experienced absence or sudden loss of contact with the surroundings for a short duration of time, 3) had ever experienced sudden uncontrollable twitching or shaking of the arms, legs or head, for a period of a few minutes, 4) had sometimes experienced sudden and brief bodily sensations, seen or heard things that were not there, or smelt strange odours, and 5) ever been diagnosed with epilepsy.

In the second stage, persons identified with suspected epilepsy were invited for an interview and clinical examination by a neurologist (MM) who was stationed in a central area in the village. Persons newly diagnosed with epilepsy and those with epilepsy who were not receiving treatment were referred to the epilepsy clinic at Mahenge hospital, or to the Msogezi dispensary which was also equipped to provide adequate epilepsy treatment and care.

Definition of epilepsy and classification {#Sec6}
-----------------------------------------

Epilepsy cases were confirmed according to the International League Against Epilepsy criteria \[[@CR23]\]. Nodding seizures were defined as episodes of reduced consciousness during which the head dropped forward repeatedly, and probable NS was defined according to the WHO case definition \[[@CR24]\]. Onchocerciasis associated epilepsy was defined as a previously healthy person who had developed epilepsy without an obvious cause between the ages of 3 and 18 years \[[@CR25]\].

Assessment of the coverage of ivermectin at village level {#Sec7}
---------------------------------------------------------

Household members were asked about the intake of ivermectin during the most recent round of CDTI in 2016. In the absence of a household member, this information was obtained from the head of the household or the person responsible for the household at the time of visit. For children younger than 12 years, the information was verified by their parent or guardian.

Determining onchocerciasis endemicity {#Sec8}
-------------------------------------

The WHO rapid epidemiological monitoring of onchocerciasis (REMO) method was applied to determine the level of onchocerciasis endemicity in the study villages \[[@CR26]\]. In each village, 50 adult males aged at least 20 years and resident in the community for at least 10 years, were invited to participate in the study. Each participant was examined for the presence of onchocerciasis nodules (subcutaneous nodules or deep, painless, firm, mobile nodules over bony prominences: pelvic girdle, costal grid, knees, skull), and a blood sample obtained by finger prick was tested for the presence of *O. volvulus* IgG4 antibodies using the OV16 antigen rapid test (Standard Diagnostics, Inc., Gyeonggi-do, Republic of Korea).

This test only identifies the presence of onchocerciasis antibodies, but is unable to discriminate between past exposure to the parasite and an active infection \[[@CR27], [@CR28]\]. All children aged 6--10 years were therefore invited to be tested for circulating *O. volvulus* antibody using the OV16 rapid test as an indirect indicator for recent transmission.

Assessment of schooling {#Sec9}
-----------------------

The level of education was assessed in all children aged between 7 and 10 years by asking which class the child was attending (the primary education in Tanzania is comprised of class one to seven). A child who was yet to be enrolled in primary school was graded as class zero. Information on whether a child had dropped out of the school was not determined.

Data management and analysis {#Sec10}
----------------------------

Data collection tools were developed in the open source software 'Open Data Kit' (ODK, <https://opendatakit.org/>) and data were collected using tablet computers and uploaded to a sever on a daily basis. All interviewers were trained to perform tablet-based surveys. They were familiar with mobile phones, short message service (SMS) text messaging, and the internet, and could easily follow the procedures of data collection and submission. A data coordinator was employed to check the completeness of the data entered in the tablets and to query any ambiguities that were immediately addressed the following day. Analysis was performed using STATA version 13 (STATA Corp Inc., TX, USA) and R version 3.3.2 (R Core Team \[2017\], Vienna, Austria). Epilepsy prevalence was calculated as the number of epilepsy cases per total number of people registered in the households visited. Incidence of new cases of epilepsy was defined as the number of persons who developed epileptic seizures within the 5 years preceding the survey, divided by the sum of population for the past 5 years assuming a growth rate (2.4%) in Morogoro region \[[@CR29]\]. The deaths and migrations of new cases of epilepsy during this period were assumed to have a minimal effect on the incidence. The incidence of epilepsy was presented as cases per 100 000 person-years. A 5 year period was used due to the small number of new events occurring in a 1 year time period. Proportions were compared using a χ^*2*^-test, while means were compared using a *t*-test. Univariate logistic regression was used to assess the association between explanatory variables and epilepsy, whereas a multivariate model was used to control for confounding variables. The sensitivity of the five questions asked during the screening process was determined by the proportion of individuals identified as positive during screening, whose positive status was confirmed by the neurologist. Specificity was not determined since individuals who were identified as being negative were not invited for neurological examinations. Results are presented with accompanying 95% confidence intervals (95% *CI*), and *P*-values \< 0.05 are deemed significant.

Results {#Sec11}
=======

A total of 1168 households were visited and 5117 individuals (median age 18.5 years, 53.2% female) were registered, with Vigoi having the highest population (Table [1](#Tab1){ref-type="table"}). Msogezi Village had the youngest population while Vigoi had the oldest population (Table [1](#Tab1){ref-type="table"}). Most households (95%) depended on farming as their primary economic activity. Only a small proportion of households in the suburban villages (9.3% in Vigoi and 6.2% in Matumbala) were involved in other occupations including formal employment and mining. Out of 31 ethnic groups encountered in the study area, the predominant group was the Wapogoro (92.8%).Table 1Characteristics of the villages and population surveyedVillageMean altitude (range), mNo. of HouseholdsNo. of peopleMedian age (IQR)No. aged ≥20 years (%)No. aged 7--11 years (%)Matumbala1052 (786--1144)24497220.1 (10.0--40.0)337 (49.9)71 (10.5)Vigoi1063 (504--1194)388164620.3 (10.5--40.4)832 (50.6)157 (9.5)Mdindo561 (444--802)19894117.5 (8.5--38.1)442 (47.0)117 (12.3)Msogezi575 (491--731)338155815.4 (7.1--31.5)661 (42.4)221 (14.2)Total1168511718.5 (8.7--37.5)2272 (47.1)566 (11.7)*IQR*: Inter quartile range

Epilepsy screening and confirmed cases {#Sec12}
--------------------------------------

Table [2](#Tab2){ref-type="table"} shows the sensitivity of questions used for rapid screening of epilepsy. The screening questionnaire identified 244 (4.8%) individuals with suspected epilepsy. All were invited for neurological assessments and 239 (97.9%) were seen by the neurologist. Question 5 (Q5) "ever been diagnosed with epilepsy" had the highest sensitivity (86.4%), meaning it was the question most likely to result in a confirmed diagnosis, followed by Q1b), which was 'whether a person had ever lost consciousness and experienced foaming in the mouth'. Question 4 was the least sensitive, which asked whether a person 'had sometimes experienced sudden and brief bodily sensations, seen or heard things that were not there, or smelt strange odours'.Table 2Sensitivity of five screening questions together with their composite for epilepsyQuestionNumber with positive response (%)Number confirmed with epilepsy (%)Sensitivity (95% *CI*)Q1a. Lost consciousness and experienced loss of bladder control75 (30.7)5168.0 (54.2--78.8)Q1b. Lost consciousness and experienced foaming in the mouth61 (25.0)4980.3 (70.1--90.6)Q2. Experienced absence or sudden loss of contact with the surroundings for a short duration of time152 (61.9)10367.8 (60.2--75.3)Q3. Experienced sudden, uncontrollable twitching or shaking of arms, legs or head for few minutes119 (48.8)6958.0 (49.0--67.0)Q4. Experienced sudden and brief bodily sensations, seen or heard things that were not there, or smelt strange odours76 (31.15)3647.4 (35.9--58.9)Q5. Ever been diagnosed with epilepsy110 (44.26)9586.4 (79.8--92.9)

Five individuals (a female aged 12 years from Mdindo, a female aged 4 and two males aged 28 and 55 years from Msogezi, and a female aged 25 years from Vigoi Village) did not appear for neurological assessment. None of the five individuals had been diagnosed previously to have epilepsy, three had a history of uncontrollable twitching or shaking of body parts, one had a history of both uncontrollable twitching or shaking of body parts and sudden loss of contact with the surroundings, while one girl aged 4 had a history of foaming in the mouth. The five individuals were not considered when calculating epilepsy prevalence.

Epilepsy prevalence was higher in the rural villages of Mdindo (3.5%) and Msogezi (3.5%) than in the suburban villages of Matumbala (1.6%) and Vigoi (1.4%), χ^*2*^ = 21.8, *P* \< 0.001 (Table [3](#Tab3){ref-type="table"}) but was similar in males and females.Table 3Individuals screened for epilepsy and prevalence of confirmed cases by gender, village and ethnic groupVillagePopulation enrolledEpilepsy cases (%) by sexTotalMales (%)Suspected epilepsy (%)No. examined (%)Epilepsy cases (%)χ^*2*^-test (*P*-value)MaleFemaleχ^*2*^-test (*P*-value)Matumbala972431(44.3)44 (4.5)44 (100)16 (1.65) 1.26^a^--7 (1.62)9 (1.66)0.002 (0.962)Vigoi1646741(45.0)50 (3.04)49 (98.0)23 (1.40) 1.26^a^0.26 (0.612)12 (1.62)11 (1.22)0.482 (0.487)Mdindo941447(47.5)56 (5.9)55 (98.2)33 (3.51) 3.71^a^6.63 (0.010)17 (3.80)16 (3.24)0.221 (0.638)Msogezi1558774(49.7)94 (6.0)91 (96.8)55 (3.53)7.79 (0.005)26 (3.36)29 (3.70)0.407 (0.523)Ethnic group Wapogoro4751234 (4.9)119 (2.51) Wangoni541 (1.9)1 (1.85) Wahehe422 (4.8)2 (4.76) Wandamba321 (3.1)1(3.13) Wandendeule172 (11.8)2 (11.77) Wazigua92 (22.2)2 (22.21) Others2124 (0.9)0 (0)Total51172393 (46.8)244 (4.8)239 (97.9)127 (2.48)61 (2.59)66 (2.39)0.132 (0.716)^a^Epilepsy prevalence ratio observed in 1989 survey by Rwiza et al. where Matumbala was part of Vigoi Village

In a multivariate regression model, the risk of epilepsy increased with increasing age up to and including the age group 20--29 years, before declining thereafter (Table [4](#Tab4){ref-type="table"} and Fig. [2a](#Fig2){ref-type="fig"}). When analysis by age group was performed separately for rural and suburban villages, the prevalence of epilepsy was significantly different between the two settings in each age group between 20 and 29 and 40--49 years. Furthermore, individuals aged 20--29 years in the rural setting had the highest prevalence (10.1%), which declined progressively as age increased further i.e. beyond the 20--29 year old group (Fig. [2b](#Fig2){ref-type="fig"}).Table 4Univariate and multivariate regression models showing risks of epilepsy by age group village and strataUnivariateMultivariateVariable (N)Epilepsy cases (%)*OR* (95% *CI*)*P-*value*OR* (95% *CI*)*P*-valueAge group 0--9 (1466)12 (0.82)11 10--19 (1229)23 (1.87)2.311 (1.145--4.663)0.0192.546 (1.259--5.146)0.009 20--29 (722)44 (6.09)7.863 (4.127--14.984)\<0.00018.581 (4.494--16.387)\< 0.001 30--39 (559)28 (5.01)6.389 (3.226--12.656)\<0.00016.924 (3.487--13.750)\< 0.001 40--49 (491)11 (2.44)3.035 (1.355--6.802)0.0073.5 (1.555--7.862)0.002 50--59 (281)5 (1.78)2.195 (0.767--6.28)0.1432.502 (0.872--7.179)0.09 60+ (366)3 (0.82)1.001 (0.281--3.567)0.9981.118 (0.313--3.994)0.964 Missing (5)2 (40.0)Village Matumbala (972)16 (1.65)11 Vigoi (1646)23 (1.40)0.847 (0.445--1.611)0.6120.837 (0.439−1.598)0.589 Mdindo (941)33 (3.51)2.172 (1.187--3.972)0.0122.347 (1.277−4.314)0.006 Msogezi (1558)55 (3.53)2.186 (1.246--3.838)0.0062.308 (1.309−4.071)0.004Strata Suburban (2499)39 (1.49)1 Rural (2618)88 (3.52)2.414 (1.649--3.533)\< 0.001Fig. 2Risk of epilepsy adjusted by village (**a**) and prevalence of epilepsy by strata (**b**)

Some households in the rural villages had more than one family member with epilepsy (five households in Mdindo had two family members; one household in Msogezi had three members, and two families had two members with epilepsy). All households with more than one person with epilepsy were of Wapogoro ethnicity with the exception of one household of Wazigua.

Classification of epilepsy {#Sec13}
--------------------------

The majority of the epilepsy cases (94 \[74.0%\]) were categorised as generalised tonic-clonic seizures Table [5](#Tab5){ref-type="table"}. Probable NS was identified in 13 (10.2%) patients, of which 7 (53.9%) had a history of head nodding plus other forms of seizures; mainly generalised tonic-clonic seizures (*n* = 4).Table 5Frequency and type of seizure diagnosedType of SeizureFrequency%Generalised tonic-clonic or atonic9474.0Absences97.1Focal to bilateral tonic-clonic86.3Focal impaired awareness32.4Focal aware21.6Others118.7Total127100.0

Twelve (92%) of the persons with probable NS were from rural villages (nine \[16.4%\] out of 55 from Msogezi and 3 \[9.1%\] out of 33 from Mdindo). Only one (6.3%) out of 16 epilepsy patients from Matumbala was diagnosed with NS. The majority of epilepsy patients experienced their first seizure between the ages of 4--18 years, with a peak around 4--11 years (Fig. [3](#Fig3){ref-type="fig"}). The minimum age at onset of probable NS was 4 years, while that of other types of epilepsy was 2 years (Fig. [3](#Fig3){ref-type="fig"}).Fig. 3Distribution of age at onset of nodding syndrome and other types of epilepsy

Incidence of epilepsy {#Sec14}
---------------------

Twenty seven participants experienced their first seizures in the 5 year period preceding the survey. The incidence of new epilepsy cases was therefore 111 (95% *CI:* 73--161) per 100 000 person-years for all forms of epilepsy (Table [6](#Tab6){ref-type="table"}). Out of 27 new cases of epilepsy, 19 (70.4%) were individuals aged between 3 and 18 years. Six of these had a history of severe disease before the onset of the epilepsy, including: meningitis; malaria and coma; malaria and febrile seizures; malaria and meningitis; measles; and, psychomotor retardation. A total of 13 individuals in this age group (3--18 years) had no specific severe condition before the onset of the epilepsy and these were categorized as individuals with OAE, giving an incidence rate of 131 (95% *CI:* 70--223) cases per 100 000 person-years. The incidence of new cases of OAE was higher in the rural compared to suburban villages although this was not significant (rate ratio = 1.47, 95% *CI:* 0.48--4.48), (Table [6](#Tab6){ref-type="table"}).Table 6Number of new cases of epilepsy, and incidence of epilepsy and of onchocerciasis associated epilepsyOverall PopulationPopulation aged 3--18 yearsVillageCurrent population size (*n*)Population total (2002--2007)Total number of new casesIncidence rate per 100 000 person-years (95% *CI*)Population size (*n*)Population total (2002--2007)Total number of new casesTotal number of OAE casesIncidence rate per 100 000 person-years (95% *CI*)Matumbala9724635486.3376179332111.5Vigoi164678498101.9620295653101.5Mdindo94144875111.4403192243156.1Msogezi1558742910134.6686327175152.9Total511724 40027111 (73--161)208599421913131 (70--223)*OAE*: Onchocerciasis associated epilepsy; All estimates were calculated over a 5 year period

Msogezi village had the highest overall incidence of epilepsy while Matumbala had the lowest. Overall, the incidence was highest in individuals aged 10--19 years (187.7 per 100 000 person-years) followed by 0--9 years (171.7 per 100 000 person-years), 20--29 years (87.1 per 100 000 person-years) and 37.5 per 100 000 person-years in the age group 30--39 years. No new case was observed in individuals in the age group of 40 years or above.

Use of ivermectin {#Sec15}
-----------------

Ivermectin intake during the past year was assessed in 4173 individuals aged above 6 years; 3329 (79.8%) of whom reported to have taken the drug during the last treatment round. The lowest rate was observed in Msogezi (76.0%), while the highest was recorded in Mdindo Village (87.3%). There was no difference in intake between persons with epilepsy (79.2%) and non-epileptic individuals (79.8%, χ^*2*^ = 0.03, *P* = 0.866), nor between males (80.8%) and females (78.9%, χ^*2*^ = 2.391, *P* = 0.122).

Rapid epidemiological mapping of onchocerciasis {#Sec16}
-----------------------------------------------

Two hundred and fifteen adult males (median age 40.2 years, IQR: 29.6--52.9) were examined for presence of onchocerciasis nodules (Table [7](#Tab7){ref-type="table"}). Only five (2.3%) were found to have nodules; one from Matumbala, one from Vigoi, and three from Mdindo Village. One individual from Matumbala had two nodules, while the rest had one nodule only. The percentage of participants testing positive using the OV16 rapid test was significantly higher in the rural (76.5%) than in the suburban (50.6%) villages (*P* \< 0.001).Table 7Prevalence of onchocerciasis nodules and OV16 antibodies among adult (≥ 20 years) males in suburban and rural villagesVillage/StrataExamined for nodules (REMO)NodulesOV16 tests*N*Median age (IQR)No. positive (%)Number screened (%)Positive percentage (95% *CI*)χ^*2*^-test (*P*-value)^δ^Village Matumbala3538.5 (28.0--47.0)1 (2.9)34 (97.1)32.3 (15.8--48.9) Vigoi5443.8 (33.5--55.5)1 (1.9)53 (98.1)62.3 (48.8--75.8)7.41 (0.006) Mdindo5443.2 (30.8--53.5)3 (5.6)50 (92.6)80.0 (68.5--91.5)19.26 ( \< 0.001) Msogezi7235.7 (28.6--50.2)0 (0)69 (95.8)73.9 (63.3--84.5)16.42 (\< 0.001)Strata Suburban12642.5 (31.9--53.6)2 (1.6)119 (94.4)50.6 (39.9--61.3) Rural8939.0 (28.9--51.9)3 (3.4)87 (97.6)76.5 (68.7--84.2)14.9 (\< 0.001)Total/Average21540.2 (29.6--52.9)5 (2.3)206 (95.8)65.5 (59.0--72.1)^δ^Matumbala village was considered the baseline in all comparisons; REMO: Rapid epidemiological monitoring of onchocerciasis; *IQR* Inter quartile range

Rapid assessment of risk of onchocerciasis transmission {#Sec17}
-------------------------------------------------------

Five hundred and thirty children aged 6--10 years were tested with the OV16 rapid test. The overall prevalence of OV16 positive children was 20.7%, and this was similar between females (20.1%) and males (21.3%, *P* = 0.73). The prevalence of positive OV16 tests was similar among the suburban villages (χ^2^ = 0.0004, *P* = 0.98), and also among the rural villages (χ^2^ = 1.102, *P* = 0.294) but was lower in the suburban (3.4%) than in the rural villages (38.4%), (χ^2^ = 97.6, *P* \< 0.001) (Fig. [4a](#Fig4){ref-type="fig"}). None of the children aged 6 years from the suburban villages were positive for the OV16 tests, while in the older children the prevalence ranged from 2.3% (95% *CI:* 0.1--12.3) to 6.2% (95% *CI:* 1.7--15) (Fig. [4b](#Fig4){ref-type="fig"}). In the rural villages, children aged 6 years had the lowest prevalence of OV16 positive (26.5, 95% *CI:* 14.9--41.1) and those aged 9 years had the highest prevalence (48.1, 95% *CI:* 34.3--62.2) (Fig. [4c](#Fig4){ref-type="fig"}).Fig. 4OV16 positivity rate in children 6--10 years by village (**a**), and age in urban (**b**) and rural (**c**)

Association between onchocerciasis and any form of epilepsy {#Sec18}
-----------------------------------------------------------

The prevalence of OV16 positivity rate was higher (57.9%) in individuals with confirmed epilepsy than in those without (41.25%), with an unadjusted odds ratio of 1.96 (95% *CI:* 1.09--3.53), *P* = 0.025 (Fig. [5](#Fig5){ref-type="fig"}). When age and village were included as covariates in the model, the level of significance for OV16 positivity among individuals with epilepsy was reduced slightly, with the odds ratio changing to 1.81 (95% *CI:* 0.93--3.49), *P* = 0.078. The association between OV16 and epilepsy was more evident in individuals aged below 20 years. In individuals aged 0--19 years, those with epilepsy were more likely to be OV16 positive, (*χ*^*2*^ = 2.87, *P* = 0.090).Fig. 5Distribution of OV16 positivity rate among individuals with confirmed and without epilepsy by age group

School attendance {#Sec19}
-----------------

Children from the rural villages often attended primary school at an older age than those in suburban villages, or were not attending school at all. 37.6% of the children from Msogezi were yet to start class one of primary school (Fig. [6](#Fig6){ref-type="fig"}). Five (83.3%) out of six children aged 7--10 years with confirmed epilepsy were yet to register for primary education, compared to 81 (15.6%) out of 519 children without epilepsy.Fig. 6Proportion of children aged 7--10 years enrolled in primary school at different classes by village

Discussion {#Sec20}
==========

This study was aimed to determine the prevalence and incidence of epilepsy in the Mahenge area of Ulanga District, south eastern Tanzania, following 20 years of CDTI. The results show that despite the long term use of ivermectin there is still a high rate of *O. volvulus* transmission and high prevalence and incidence of epilepsy. This is especially true in the rural villages and confirms the observations of 30 years ago \[[@CR16]\]. The prevalence of onchocerciasis nodules, however, was low.

The high prevalence of OV16 antibodies in children aged 6--10 years indicates on-going transmission of *O. volvulus* in these villages. This is consistent with entomological data collected in 2016 which showed that *O. volvulus* transmission by blackflies was continuing throughout the Mahenge mountains, with some lowland villages including Msogezi and Mdindo being among those most affected \[[@CR30]\]. In the suburban villages, OV16 prevalence in children was less than 5%, which could be explained by low transmission rates since these villages are located at the top of the Mahenge mountains where fewer favourable blackfly breeding sites are located. The rural villages, which had an average OV16 prevalence in children of 38%, were located at medium altitudes where rapids and trailing vegetation provide suitable blackfly breeding sites among the numerous mountain rivers and streams. Of further interest was the low prevalence of nodules (only 2.3%) in men aged ≥20 years who had lived in the study area for over 10 years. This is likely to be due to the long term effects of CDTI in reducing community mf loads and alleviating clinical conditions associated with onchocerciasis, including the formation of nodules \[[@CR31]\]. Substantial reductions in the risk of developing nodules have previously been observed after 5 or 6 years of annual CDTI \[[@CR32]--[@CR34]\]. It is also possible that smaller nodules could be located deeper in the subcutaneous tissues and were not palpated during physical examinations \[[@CR35]\].

The majority of people with epilepsy and NS were identified in the rural villages (Mdindo and Msogezi) where the prevalence of OV16 antibodies was high among children and adults. This study underlines the association between onchocerciasis and epilepsy. The onset of seizures mainly occurred in children between the ages of 4 and 18 years. This age range is characteristic for persons with NS and onchocerciasis associated epilepsy \[[@CR4]\]. The fact that minority ethnic groups were also affected by epilepsy and that epilepsy was clustered in the two rural villages, suggests that environmental exposure rather than a genetic factor was the main risk factor for the epilepsy.

The low level of schooling in the rural villages and among children with epilepsy may be related to lack of community motivation and commitment to education. Limited school supervision from higher levels due to poor accessibility as well as high incidence of epilepsy in the rural villages could be other contributing factors. In a study in northern Tanzania, behavioural problems, learning difficulties, parental stigmatization and teachers' inadequate knowledge of seizure management were cited as the main barriers to education for young people with epilepsy \[[@CR36]\]. The contribution of these factors among the children with epilepsy, in addition to poor access to quality education due to lack of classrooms and insufficient numbers of teachers, as well as the distance between households and schools which have been shown elsewhere \[[@CR37]\] needs further investigation. Hunger could be another factor discouraging children from these poor communities to attend school. Most schools in these areas do not provide meals, despite the long distance the children have to walk each day \[[@CR38]\].

Comparing the epilepsy prevalence and incidence rates with those observed by Rwiza et al. \[[@CR16]\] before the implementation of CDTI is ambiguous. In their paper, Rwiza et al. only report the overall epilepsy prevalence and incidence rates in each age group, which makes it impossible to compare their results with our own. The overall, low prevalence (1.02%) and incidence rate (73.3 per 100 000 per person-years) in 1989 are due to the fact that more villages with lower prevalence were included in their study. In our study, we specifically included villages known to have a high prevalence of epilepsy based on the 1989 survey, in order to investigate the effect of CDTI on the incidence of epilepsy. Msogezi, a village with the highest prevalence in this survey was not part of the 1989 survey. Our study suggests, however, that there has been little change in the prevalence and incidence of epilepsy in the villages in the Mahenge area since 1989. The epilepsy prevalence rates in Mdindo (3.7% in 1989 vs 3.5% in 2017), and in Vigoi and Matumbala (1.3% in 1989 vs 1.5% in 2017) appear not to have changed over time. The fact that CDTI did not decrease the prevalence of epilepsy in the study villages is not too surprising. Indeed with increasing access to anti-epileptic treatment people with epilepsy remain alive and even with a low incidence of epilepsy the prevalence may remain high. However, after 20 years of CDTI it was expected to observe a shift in the distribution of epilepsy cases to older age groups, and to see a decrease in the number of incident cases of OAE. A shift to older age groups is difficult to assess, because Rwiza et al. did not report epilepsy prevalence per age group and village. The incidence of epilepsy (111 per 100 000 person-years) in the Mahenge villages in 2017 was approximately twice the incidence found in high income countries \[[@CR39]\], but was comparable with the incidence of epilepsy reported by Rwiza et al. in 1989 (73.3 per 100 000 person-years) and with the incidence of epilepsy reported in studies in other African countries (64--187 per 100 000 person-years) \[[@CR40]\]. The incidence of OAE in 2017 was 131 per 100 000 person-years. Unfortunately, incidence data of the study by Rwiza et al. are not available at village level which makes it impossible to compare the incidence between the two time points and to evaluate whether annual CDTI has had an effect on the incidence of epilepsy. However, in the rural villages a very high prevalence of epilepsy was observed in the 20--29-year-old age group (10.1%). This is in contrast with the suburban villages where there was no peak prevalence among 20--29 year olds. In the absence of CDTI, the peak prevalence of epilepsy in onchocerciasis endemic regions was observed in the 10--20-year-old age group \[[@CR12], [@CR41]\]. After several years of CDTI this peak prevalence switches to the 20--29 year age group \[[@CR15]\]. The peak prevalence among 20--29 year olds in the rural Mahenge villages may be the consequence of a high incidence of OAE in these villages in the past, while the progressive decline in prevalence after the ages 20--29 suggests a very high mortality of epilepsy patients in the rural areas where less than 1% live to more than 60 years.

It is not clear why onchocerciasis transmission has not been interrupted in the Mahenge area despite of more than 20 years of CDTI. Approximately 78.9% of household members who were interviewed reported to have taken ivermectin in the year preceding the survey. However, this proportion is likely to be an overestimate because not each household member was interviewed. Household members not present during the survey may also have been absent during the last ivermectin distribution. Despite the fact that women are known to be more compliant in health interventions than men \[[@CR42], [@CR43]\], the rate of ivermectin intake was slightly lower in females than in males, although this was not significant. This could be due to the fact that the drug is not administered to pregnant and breast feeding mothers (during the first week of breast feeding). The clinical officer in-charge at the Msogezi dispensary indicated that the intake of ivermectin was very low in 2016 as the drug was distributed during the farming season when most people had already relocated to the farms. The WHO/MG/15.20 APO report in 2015 stated that in the Mahenge area (Morogoro CDTI area), the onchocerciasis elimination goal by 2025 will not be reached if no optimized CDTI or alternative treatments strategy is employed \[[@CR44]\]. Many reasons may have contributed to the observed persistence of onchocerciasis transmission in the Mahenge focus, such as insufficient treatment coverage, programme supervision challenges, and poor compliance of communities due to low advocacy and low motivated drug distributors.

While many African countries have made significant progress to decrease onchocerciasis transmission in recent years, our results show the importance of strengthening onchocerciasis elimination programs, particularly in remote rural settings. Our study suggests that the CDTI programme in Mahenge has been functioning sub-optimally. This requires further investigation to establish the reasons as well as testing for alternative strategies for acceleration of onchocerciasis elimination. Alternative strategies may include biannual instead of annual distribution of ivermectin, which has been proposed by the WHO in situations where little progress is being made towards elimination. In Uganda for example, since the introduction of bi-annual CDTI and river larviciding in 2012, the interruption of onchocerciasis was successful in ten out of 17 foci \[[@CR45]\], and no new cases of NS have been reported since 2013 \[[@CR15]\]. Biannual ivermectin treatment appears to be a better option due to the rapid increase in skin mf, which occurs around 6 months after the administration of ivermectin \[[@CR46]\]. Larviciding of rivers is another strategy that could supplement the current onchocerciasis control measures undertaken in Mahenge. The rural villages in the Mahenge area could be ideal study sites to evaluate, in a prospective way, the effects of an intensified onchocerciasis elimination programme on the incidence of epilepsy.

The high prevalence of epilepsy in the rural villages of the Mahenge signifies that treatment and care of epilepsy needs to be decentralized to the primary health care level. This will require organizing and training primary health care providers on how to diagnose and treat persons with epilepsy, and also training of teachers on how to take care of school children with epilepsy.

Conclusions {#Sec21}
===========

Despite 20 years of CDTI, the prevalence and incidence of onchocerciasis associated epilepsy remains high in rural villages in the Mahenge area. The reasons for persistence of high prevalence of onchocerciasis in the Mahenge area need to be investigated.
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CDTI

:   Community directed treatment with ivermectin

*CI*

:   Confidence interval

CSF

:   Cerebrospinal fluid

DRC

:   Democratic Republic of Congo

IQR

:   Inter quartile range

MDA

:   Mass drug administration

NS

:   Nodding syndrome

OAE

:   Onchocerciasis associated epilepsy

ODK

:   Open Data Kit

*OR*

:   Odds ratio

REMO

:   Rapid epidemiological monitoring of onchocerciasis

WHO

:   World Health Organisation
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